Introduction 44 45
Epithelial to mesenchymal transition (EMT) is the process in which epithelial cells lose their 46 adhesion to neighboring cells and adopt a mesenchymal migratory phenotype. This process was 47 first described by observing chick mesoderm formation (Hay 1995) , and was later found to 48 occur in many other normal processes, as well as disease states such as cancer metastasis 49 (Nakaya and Sheng 2013; Nieto 2013) . More recently, metastable partial (also referred to as t-box transcription factor tbx16 (originally called spadetail) have a large accumulation of cells at 66 the posterior-most structure of the embryo called the tailbud (Kimmel et al. 1989 ; Griffin et al. 67 1998), a phenotype caused by the inability of the NMPs to complete their EMT and join the 68 developing paraxial mesoderm (Row et al. 2011; Manning and Kimelman 2015) . This phenotype 69 is very similar to mouse embryos lacking function of the related t-box transcription factor Tbx6, 70 which also have an enlarged tailbud and deficit in paraxial mesoderm (Chapman and 71
Papaioannou 1998). Cells in the partial EMT state exhibit increased adhesiveness compared to 72 the fully mesenchymal state, and cells lacking tbx16 maintain a metastable partial EMT state 73 until tbx16 is activated, after which they complete the EMT (Row et al. 2011) . 74 . Here we show that the critical role of Tbx16 is to repress sox2 transcription in the partial 80 EMT state as cells become mesoderm. Sox2 activation alone is sufficient to recapitulate the 81 Tbx16 loss of function phenotype, where cells are prevented from exiting the tailbud and 82 remain trapped in an undifferentiated partial EMT state. This acts as a developmental 83 checkpoint, since cells with sox2 expression in mesodermal territories outside of the tailbud will 84 become neurons. Thus, the checkpoint ensures coordination of morphogenesis with proper cell 85 fate acquisition to prevent ectopic neural formation. Our work for the first time demonstrates 86 an essential normal function of partial EMT states during development, and provides insight 87 into how the partial EMT throughout the embryo at the end of gastrulation (bud stage) and analyzed at 24 hours post 99 fertilization (hpf), ectopic expression of the neural marker neurog1 was observed in 100 mesodermal territories ( Fig. 1A, B) , and there was a corresponding decrease in the skeletal 101 muscle marker myod (Fig. 1C , D). Activation of sox2 at bud stage in the background of reporter 102 transgenes for skeletal muscle (actc1b:gfp) (Higashijima et al. 1997 ) and neurons 103 (neurog1:mkate2) resulted in a loss of differentiated muscle and the presence of ectopic 104 neurons in mesodermal territories ( Fig. 1E, F) . To test whether the effect of Sox2 is cell 105 autonomous, we transplanted cells transgenic for HS:sox2 and neurog1:mkate2 ( The activation of sox2 by heat shock in transplanted cells caused a significant cell-autonomous 108 induction of more neural cells, including in ectopic locations, at the expense of skeletal muscle 109 cells ( Fig. 1G -L, for neurog1:mkate2 quantification 1,177 wild-type donor cells were counted in 110 8 host embryos, and 2,051 HS:sox2 donor cells were counted from 10 host embryos, statistics 111 were performed using an unpaired t test, P=*0.0105, for actc1b:gfp quantification 1,307 wild-112 type donor cells were counted in 8 host embryos, and 971 HS:sox2 donor cells were counted 113 from 5 host embryos, statistics were performed using an unpaired t test ***P=0.0003). 114 Intriguingly though, the induction of ectopic neural fate by sox2 in both the whole embryo and 115 transplant conditions was localized to more anterior regions of the embryo. Additionally, while 116 72.54% of control transplanted cells differentiated into either muscle or neurons, only 42% of 117 sox2-expressing cells differentiated into these cell types ( Fig. 1K , L). Upon further examination, 118 a large proportion of sox2-expressing cells gave rise to fin mesenchyme, a phenotype that is 119 also observed in transplanted tbx16 mutant cells, which are trapped in the partial EMT state 120 observations that maintenance of sox2 expression in tbx16 mutant cells is responsible for the 130 cell migration defect that prevents cells from exiting the tailbud. We transplanted HS:sox2 cells 131 into the ventral margin of wild-type host embryos. Activation of sox2 expression at bud and 12-132 somite stages prevented transplanted cells from exiting the tailbud into the mesodermal 133 territory and the majority of cells are found at the posterior end of the host embryo (Fig 2A-C) . 134
To better understand the migratory dynamics of the sox2 expressing cells in the tailbud, we 135 labeled embryos with a nuclear localized kikume (NLS-kikRG), which can be photoconverted 136 from green to red, by injecting in vitro transcribed mRNA. Small groups of cells in the NMP 137 region were photoconverted and time-lapse imaged for 300 minutes. Wild-type cells move 138 ventrally in a directed fashion ( Fig and completed the first EMT step, but remained in the partial EMT state with dynamic 148 membrane protrusions lacking polarization ( Figure S1 ). 149
Since sox2 must be repressed for NMPs to complete EMT and become fully 150 mesenchymal, loss of sox2 function may impact the normal rate at which cells exit the tailbud 151 and join the paraxial mesoderm. To determine whether sox2 function impacts the normal 152 formation of somites from NMPs, we analyzed somite development in a sox2 mutants (Gou et 153 al. 2018a; Gou et al. 2018b ). Somites were visualized with a muscle specific antibody (MF20, 154 anti-myosin heavy chain), which indicated that the posterior somites appeared smaller ( Fig. 2K -155 N). Total nuclei counts in somites 25-28 revealed that posterior somites contain significantly 156 fewer cells than wild-type siblings ( Fig. 2O -S, for panel S *P=0.0145). Our results are consistent 157 with the hypothesis that loss of sox2 function allows NMPs to exit into the paraxial mesoderm 158 prematurely, leaving fewer cells to contribute to the posterior-most somites. Although we saw 159 an increase in nuclei in more anterior somites of sox2 mutants, these results were not 160 statistically significant, indicating that there may be additional controls regulating somite cell 161 number if a larger number of cells initially join a somite than normal ( The expression of sox2 prevents mesoderm fated NMPs from exiting the tailbud into the 192 mesodermal territory. However, sox2 expression does not prevent exit of NMPs from the 193 tailbud into the spinal cord territory, suggesting that there is local difference in the niche 194 context of the tailbud that accounts for this differential activity of Sox2. We previously showed Russia) followed in-frame by a CAAX box from HRAS into the pME plasmid (pME-mKate2-CAAX, 309
Invitrogen, USA). Using gateway recombination (Invitrogen, USA), we fused the neurog1 310 genomic fragment from the p5E-neurog1 plasmid to mKate2-CAAX from pME-mKate2-CAAX 311 plasmid followed by a SV40pA signal from the p3E-polyA plasmid into the pDestTol2pA2 
